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subject-selected learning procedures and strategies for acquiring

knowledge from maps. Verbal prot.ocols were obtained from 25 subjects

selected for their differences on psychometric tests measuring spatial

restructuring and visual memory abilities. These protocols indicated

a number of learning procedures and strategies that subjects used to

focus attention, encode information, and evaluate their learning

progress while studying a map. High-ability subjects differed from

low-ability subjects in their recall of spatial attributes of the map,

use of imagery for encoding spatial information and adoption of

attention-focusing strategies to guide their approach to the map-

learning problem.
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PREFACE

This Note was originally prepared as a paper for the proceedings of

the NATO conference on Intelligence and Learning, held in York, England,

in July 1979. It will appear as a chapter in M. P. Friedman, J. P. Da,

and N. O'Conner (eds.), Intellizence and Learning (New York: Plenum

Publishers, in press). The research sumarized here was funded by the

Office of Naval Research under Contract N00014-78-C-0042.
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SUNNAY

This Note describes the influence of individual differences in

* ability and subject-selected learning procedures and strategies for

acquiring knowledge from maps. Verbal protocols were obtained from 25

subjects selected for their differences on psychometric tests masuring

spatial restructuring and visual memory abilities. These protocols

indicated a number of learning procedures and strategies that subjects

used to focus attention, encode information, and evaluate their learning

while studying a map. High-ability subjects differed from low-ability

subjects in their recall of spatial attributes of the map, use of

imagery for encoding spatial information, and adoption of attention-

focusing strategies to guide their approach to the map-learning problem.
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I. INTRODUCTION

The study of intelligent behavior in many task domains requires an

understanding of the sources of individual differences which influence

task performance. Two typical and important sources of individual

differences are basic abilities (Cronbach & Snow, 1977) and the

strategies that people use to perform a task (Johnson, 1978; Hunt,

1978). In this context, abilities are basic individual traits that are

relatively enduring and resistant to change. Procedures and strategies,

on the other hand, are assumed to be discretionary, trainable, and

improvable with practice. This Note investigates how such differences

influence the acquisition of knowledge from geographic maps. The

research investigates expertise in map learning -by analyzing differences

between good and poor learners in terms of both their basic

information-processing abilities and their self-selected learning

procedures and strategies.

C. *.



-2-

II. BACKGROUND

Map learning is a constructive process which produces a mental

representation of the space depicted on the map. This internal

knowledge representation stores many types of information, including

names, shapes, locations, and distances. Since map learning is an

active, intentional process,.it may be viewed as a problem-solving task

(Newell & Simon, 1972) with a goal of achieving some memory

representation of the map. The learner applies procedures and

strategies as problem-solving operators to produce the memory

representation. These subject-selected procedures are specific

techniques for selecting information from the map to study and for

encoding the information in memory. The procedures are of three types:

attentional, encoding, and evaluation. Attentional procedures restrict

the map information that the learner attends to at any point in time.

Encoding procedures, such as rehearsal or imagery, elaborate the

information in attentional focus and integrate it with information in

memory. Finally, evaluation procedures monitor the learner's progress

by considering what information has been learned and what remains to be

studied.

In addition to these procedures, people often adopt global

strategies for approaching the overall learning task. For example, an

individual may decide to first learn the spatial information on the map,

and then learn the verbal labels associated with the spatial locations.

An individual's strategy may determine, in part, the procedures he or

she chooses for accomplishing the learning task.
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In previous studies of map learning (Thorndyke & Stasz, 1980), we

collected verbal protocols from subjects attempting to learn fictitious,

yet realistic, maps (see Figure 1). On each of six trials, subjects

studied a map for two minutes and then attempted to reconstruct the map

from memory. During study, subjects thought out loud, describing their

attentional focus, their study procedures, and their evaluations of

their learning progress.

Analysis of these protocols identified 13 procedures that subjects

employed for focusing attention, encoding information, and evaluating

the state of memory. Large individual differences were apparent both in

subjects' use of these procedures and also in their rate of learning of

map information. A comparison of good learners (subjects correctly

recalling at least 90 percent of the map information by the final trial)

and poorer learners showed that subjects differed primarily in the use

of a few study procedures. Three of the procedures that differentiated

good from poor learners involved the encoding of spatial configurations

of map information. These were imagery, pattern encoding, and relation

encoding.

Our results and informal observations suggested that specific

abilities might also influence the learning process. In particular, we

conjectured that subjects' spatial ability, rather than the use of

particular procedures, might underlie the observed differences in

performance. Since procedures comprise relatively low-level processes

for manipulating information, subjects' choice of procedures might

depend on their underlying abilities. For example, the best map learner

reported that he had good visual memory and frequently used imagery to
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learn and remember information. By contrast, the worst learner reported

that he had never experienced having mental images. He used primarily

verbal learning procedures, such as associating map information with

previous knowledge. This subject did not attempt to learn the more

complex spatial configurations on the map.

Ability differences might also influence subjects' skill at using a

particular procedure. For example, we observed that poorer learners

were frequently inaccurate in their evaluations, during study, of what

they had already successfully learned. The evaluation procedure

requires subjects to retrieve knowledge from memory and compare it to

information on the map. In this process, subjects might evoke a mental

image of stored knowledge for comparison with the map. This image may

be clearer or more accurate for subjects with better visualization

ability.

Finally, abilities may influence the selection of global learning

strategies. In the map-learning task, all of the information to be

learned is presented simultaneously rather than sequentially. Subjects

must decide for themselves what information to learn first and how much

time to spend studying each portion of the map. Individuals with

spatial restructuring skill may employ strategies that subdivide the

learning task. For example, subjects might adopt a divide-and-conquer

strategy to help focus their attention on a subset of the information.

They learn this information first, and then define and learn another

subset. This strategy serves to structure the task into a sequence of

smaller subproblems.

-Mo
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In sun, abilities appear to be a potentially important source of

variation in map learning. The Thorndyke and Stasz (1980) results

suggest how abilities and procedures might interact in the map-learning

process: Procedure choice and successful procedure use might both

depend on basic underlying ability differences. The present study was

designed to investigate possible relationships between abilities,

procedures, strategies, and map-learning performance.
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III. METHOD

SUBJECTS AND ABILITY MEASURES

Twenty-five subjects were selected from an initial group of 94,

based on their performance on a battery of standard psychometric ability

tests. The tests measured field-independence (Witkin & Goodenough,

1977), which represents spatial restructuring ability, visual memory,

general intelligence, and verbal associative memory. We selected

subjects who differed in visual memory and spatial restructuring skill

but had equivalent scores on tests of general intelligence and verbal

associative memory.

PROCEDURE

Subjects were individually tested on a map-learning task. For each

of two maps, a town map and a countries map, subjects alternately

studied and reproduced the map. The town map shown in Figure I depicted

the streets and landmarks of a small town. The countries map shown in

Figure 2 portrayed an imaginary continent with countries, cities, roads,

railroads, and large geographical features, such as rivers and a

mountain. On each of six trials, subjects studied a map for two minutes

and then used as much drawing tine as they wished. During study,

subjects provided verbal protocols of their study behavior, including

the strategies and procedures they were using. Following the final

trial on each map, subjects answered eight location and route-finding

questions from memory.
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IV. RESULTS AND DISCUSSION

Although we performed a variety of analyses of the relationships

between abilities, procedures, strategies, and map learning, this Note

focuses on analyses contrasting performance of extreme ability groups.

(Other analyses are reported in Stasz & Thorndyke, 1980.) Since tests of

field-independence and visual memory were highly correlated ( 1 =.66, p

< .01), most subjects fell into two extreme groups: relatively field-

independent, high visual memory (HIGHs; N = 10), and field-dependent,

low visual memory (LOWs; N = 10). Data from these subjects were used

for all subsequent analyses.

To determine the relationship between ability and performance,

recall scores between HIGH- and LOW-ability groups were contrasted. For

each subject, map reproductions provided three measures of recall

performance: proportion of map objects correctly reproduced (both

spatial location and verbal label correctly specified), proportion of

spatial information correctly reproduced, and proportion of verbal

information correctly reproduced. Reproductions were scored at each

trial. For each subject, mean recall was calculated across trials and

maps.

Table 1lpresents mean recall scores for the two groups. Mann-

Whitney U tests, with sample sizes of 10 and an alpha level of .05,

indicated that HIGHs recalled significantly more complete elements and

spatial attributes than did LOWs. The groups did not differ

significantly in recall of verbal attributes. These findings replicate

those presented in Thorndyke and Stass (1980), who found that good and



-10-"

Table 1

ABILITIES AND PERFORMANCE

HIGHS LOWS
Subjects

Item 10 I 10

Recall (M)
Complete Elements 62.2* 50.2
Spatial Attributes 66.5* 54.0
Verbal Attributes 76.5 70.7

Procedures (mean occurrences)
Imagery 5.4* 3.0

Stratexies (number of protocols)
Divide-and-Conquer 2 3
Global Network 10 1
Progressive Expansion 4 4
Narrative Elaboration 0 2
No Strategy 4 10

• < .05

poor learners differed in recall of complete elements and spatial

attributes, but not of verbal attributes. In general, subjects had

little difficulty learning verbal information on a map. The present

result extends those findings by demonstrating that subjects' visual-

spatial ability may underlie differences in recall.

* To compare procedure use between HIGHs and LOWs, the average number

of occurrences of each study procedure was calculated across trials and

maps for each subject. HIGH subjects used all of the procedures that

correlated with learning in this and previous studies (Thorndyke &

Stasz, 1980) more frequently than did LOWs. However, only for the

imagery procedure was this difference statistically significant. Thus,
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the remainder of this Note will focus on differences in learning

strategies.

Analysis of protocols and post-experiment interviews Identified

four strategies used by subjects. Each strategy entailed the use of

particular procedures. In the divide-and-conquer (DC) strategy,

subjects employed spatial partitioning to divide the map into distinct

sections. Subjects would then study each section as a separate sub-

problem. Subjects focused their attention on a single area, such as the

northwest corner of the map in Figure 1, ignoring information outside

the area of focus. They adopted a variety of procedures to learn the

information in the identified area. Having satisfied themselves that

they had learned this information, they then moved on to study a new

section. This process continued until all sections of the map had been

studied. On final trials, sections were appropriately integrated to

maintain feature continuity.

The slobal network strategy (GM) subjects used the conceptual

partitioning procedure to create a basic spatial framework which covered

the entire area of the map. Rather than focusing on geographical areas,

as in the DC strategy, subjects identified a certain conceptual category

of information, such as streets, cities, or geographical features, to

establish their initial framework. In Figure 1, for example, a subject

might first study vertical streets and large features, including the

river, railroad track, and golf course. This initial framework acted as

a point of reference for learning new information. Subjects learned new

elements by associating them to the previously learned anchor points.



- 12 -

Proaressive expansion (PE), the third major strategy, was

characterized by subjects' systematic movement of attention across the

map. Typically, subjects chose a starting point, such as the right side

of the map, and studied as many adjacent elements as possible in the

allotted time. On successive trials they systematically focused on and

learned new elements, moving across the map in a slow progression and in

a consistent direction.

A few subjects employed the narrative elaboration strategy (NE).

While the DC, GN, and PE strategies relied on specific attention-

focusing procedures, the NE strategy did not. NE strategists created

verbal associations, such as a story or narrative to remember map

elements and their relationships. For the map in Figure 1, for example,

one subject invented and rehearsed the following narrative: The butler

went to church and saw cedar trees in the park. Thus, he created an

association among Butler Street, Church, Cedar Street, and Park Drive.

To determine whether strategy use was related to subjects' ability,

the study protocols were sorted into one of the four strategy groups, or

into the "no strategy" group. Table 1 shows that 80 percent of the HIGH

subjects' protocols exhibited one of the three attention-focusing

strategies. None of the HIGH subjects used the NE strategy, and only

four protocols were classified into the "no strategy" group. By

contrast, 50 percent of the LOW subjects' protocols showed no consistent

strategy. Eight protocols contained attention-focusing strategies, and

two protocols used the NE strategy. To test whether the use of

attention-focusing strategies versus no strategy was significantly

different for HIGHs and LOWs, Fisher's exact test was computed

I.

-vi
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separately for each map. The tests indicated that the probability of

chance differences at least this large in the tendency of the two groups

to use a strategy is .08.
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V. CONCWSIONS

These analyses suggest that both abilities and subject-selected

learning techniques are important sources of individual differences In

map learning. Visual-spatial ability may underlie the use of effective

procedures for learning spatial information and the adoption of

attention-focusing strategies. Both of these learning processes

contribute to successful map learning. Thus, three key characteristics

identify good map learners: (1) They adopt an attention-focusing

strategy; (2) they use imagery to encode spatial information; and (3)

they have high visual-spatial ability.
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hational institute of Education
12CC - 1~t-h Street, K.W.
kasniuqtonv DeC. 20i09

68 Lr. Josepa 1. Lipson
sf~ba a-63S
baticnal iciaace Foundation
Wasbinqton, D.C. 20550

69 Er. John 3avs
iaticnal Institute of Education
12c0 19th Street, Novo
Mashiuqton. D.C. 20i08

70 Br. Acthuc delmed
liatical Institute of Education
12CC - 19th Street. N.V.
Wasbinqton, D.C. 20208

71 Er, Andr.b NO Hola
Science Education Development .6

Research
National Scioaco Foundation
slasbiaqton. D.C. 20550

72 E. JasepA L. Young#. Ditectot
memouy & Coqitive Processes
National Science Foundation
hashinqtoa. D.C. 20550

ACDITIOIAL ADC3ISSLS

73 CEO Zahn lie Anderson
ze;autment of Psyckoloqy
Carmeqie Bellon, University
Elttsbarqb. PA 15213
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74 Cr. Nichael Atvood
Science Applications Institute
40 Cenver lech. Center Mest
7933 A. ECentice Avenue
inqleVooj, CO 80110

75 I Esychoicqical Research Unit
Eept. of Cetense (Army office)
Campbell Eark offices
Lanberra ACT 2600, Australia

76 Er. &ian Haddeley
redical Research Council

Arplied Psycholoqy Unit
15 Chaucec Road
.ambridqe CB2 2EF

77 Er. Eatricia Oaqqett
Depirtaent of Psycholoqy
University of Denver
University Pirk
LCnver, CC 80208

78 Er. Nichojas A. Bond
Lept. of 1sycholoqy
Zaccamentc State Colleqe
6CC Jay Street
-acc30ento, CA 95S19 Non Govt

79 Cr. Lvle Bourne
Le;actaent of Psycholoay
University of colorado
touler, CO J0309

80 Cc. Xhn S. irova
A&MCX OaLc Alto Researci4 Center
43j3 oyote Road
Palo Altoo CA 94304

01 Or. Bruce Jachanan
aepa3tment of Computer ;ciunce
Stanford University
Stanford, CA 94305

82 Zo. tat Zdrpanter
LeAxteent of Plsckoloqy
Carneqie-3ellon univecsity

Pittsnruqh, PA 35213
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83 Cc. Joha I. Cacroil
Psvcbosetcjc Lab
Univ. of No. Carolina
Cavia Hall 013A
Cha~ei ijj ., NC 27514

84 Charles Nycrs Libcary
Livinaqtone douse
Livinqstoae Road
StE ttocd
Louion 115 2LJ
ZbGLAbD

85 Cr. illiam Chase
Cepirtaeut of Psycholoqy
cacaeqie nellon University
Eittabur4n, PA 15213

86 Cre. icheline Chi
LeaLninq a & D Center
University of Pittsbarqh
393S O9lata Street
fittskaucqh, P 15213

87 Cc. Kenneth Z. Clark
colleqe of Arts & Sciences
University of Rochester
Rivec Caapus Station
Rochester, NY 14637

88 Cr. Allan a. Collins
Eolt Bcanek & Nevaan, Inc.
SC lowlton Street
Canbcidqe, Ma 0213S

89 Cr. [lWyn A. Cooper
Cepartmat of psycholoqy
Uris Hail
Cornell University
Ithaca, MX 1850

90 Dr. Meredith P. Cravford
Auecican isycholoqical association
1200 I7tb Street# lov.
Mashiaqtoag OC 20036
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91 Lt. Kenneth d. Cross
&gaacapa sciences. Inc.
1.0. Draver Q
Santa aartarav CA 93102

92 Cr. Hlubert Drefs
Lepartmeat of Philosophy
University of California
Bekeley, CA 94720

93 LCOL .3. C. iqqembecqwr
Directorate Of Personnel AppLied

Research
National Defence NQ
IGI Colonel by Drive
Cttava, CANIADA MIA 012

911 Er. Victor Fields
Eictmeat of PsycholoqT
montqomerv Colleqe
Rockville, 80 20950

95 Dr. Elvin A. Fleishman
Advanced Hesaarch Resources Orqaa.
suite 9C0
4~33C East meat Miqhvay
dashinqtons DC 40014

96 Dr. John re Polley, Jr.
A;g1i0d Scisaces Associates, Inc.
Valencii. PA 1609~

97 Lr. Jolia 3. 7redeciksea
d~olt deriflek & Newman
50 Zcoi3n Street
camkridqes HIA 02138

98 Lt. Ajinda Friedman
cepirtuent of PsycholoqY
Univecslty of Alberta
1dmonton, Alberta
LA&AtA ThG 9

99 cK. 5. advard Gsiseleian
De~actment ot Fsvcho.loqv
University of California
Los Aa4q*eas CA 9004
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100 09, FOi3E1I jLAJEI
LIEC
UNILWESIX OF PLTTSOURGIU
3Si39 C4ilAbA SIRRET
El11JU8jfi, PA 15~213

101 Dr. flarviu D. Glocic
217 Stone gaill
Corcrall Univer~iity

102 ER. JAMIES G. GREENO
LbLc
UNIIvLS11L OF PLTISB3JHGi
3S39 J'hAFA jLBL-,r
a isaig-j., 0A 15213

103 ZL. axoid Hawkins
izepsrtmedt oi Psychojoqy
University of Oreqaor
kuqeae, C5 S7403

304 cr. Richards J. Heuer, Jr.
275d5 Via Sereno
Cabbel, CA 9292J

105 Lt. James A. Hoffala
Cepartaent of Psyckoloqy
University of Delaware
sevack, Di 197311

106 Lr. Lloyd Nuaphrels
Lepirtment of PsYcholoqy
Unliversity of Illinois
Chaspaiqn. IL 61920

107 tz. Earl dont
Cept. of Psycholoay
University of IWashinqtouaI
Seattle* JA 99105 1

108 Lt. Way Inaba
21116 Vamoven Street
Caaoqa Park# CA 91303
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109 ~LB. LaifelCx B.0 JOMUSCI
LAUBIbCB JOHNSON & ASSOC.. ZMC.
suite 10)
45E4! 42al Streetr #-be
Wasbiaaqton, DC 20036

110 r. Stevea V. Keel.
Jae~t, of Esyckoloqy
Uasiversiti of Oreqoa
iUqeDO. 09 91'b03

11cc. baltir Kintsch
)epartmafit of pSycholoqy
Univardity of Colorado
ICoulder. CO S0302

112 Er. Livid KieraS
Wreprtment af Psycholoqy
Universitv of Arizona
lusccia. A2 95721

113 Er. Ken~neth A. K.LivinqItoft
ELCqlag officer
Alfted p. Sloan 1aoaadation
63C fifth Avenuae

New York, NY 10111

liarvard University
L*Fartment of p$yCboloqy

115 Pr. Ear.lia Kroqec
I11 Via Goleta
Palos Verdes Estates. cA 9J2~74

116 or. ,.iil Larkin
Cepirtment of PsycholoqV
carnhe~ie 1011am University
iittsour4b. ?A 15213

117 L. Alan Leaqold
Leatniftq $69 COaLer
Dniyecsit, af Pittaburqh
Littsburgo, P4 15260
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ID18 Cr. Bobect A. Levit
Director* Behavioral Sciences
Tbe EDt Corporation
7S15 Jones Branch Drive
McClean, VA 22101

119 Cr. Charles Levis
Faculteit SociaLe Weteuschappen
PilksuniversLteit Groniuqen
Cude Botecinqestraat
GLoninqen
#1TEf3.LAh;)S

12C EX. Aliet M5unro
Behaioral Technoloqy Laboratories
1845 ilea& Ave., Fourth Floor
[edcndo deach, CA 90277

121 Lr. Eonald A Norman
Lept. of Esycholoqy C-09
ULiv. of Calforaia, San Cieqo
La Jolla, CA 92093

122 Er. Jesse Oriaasky
instittte for Defense Analyses
4CC &car PavY Drive
ALlinqtoa, VA k2202

123 MB. LUIGI PETRULLO
2431 s. ECGEOOD STIET
ALINGC, VA 22207

124 Cr. artha Poison
re;artnent of Psycholoqy
Univecsity of Colorado
boulder* CO 80302

125 li. P911 POLSON
£II1. Of ESYCHOLOGY

NIIyEBSZZI OF COLCBADO
BCUICRO CO 80309

126 Ii. CLAIB I. IABSY-KLZE
i-i IzSEARCH 6 SYSTEM DESIGN
3S47 RICGEIONT DELIVE
EALIBU C A 90265
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127 Cr. Fred isif

c/o 1hysics Department
Luiversitv of California
berkely. CA 91720

128 ic. Andrew H. Rose
Asecican Institutes fog Research
IC55 Thomas Jefferson St. IV
hasbinqtcn. DC 20007

129 Cr. Irnst Z. Rothkopf
Eell Latcratories
bCC mountain Avenue
Mauzcay hill. NJ 07974

130 Ir. DaviS Buaelhart
Center for Human Information

P Kocessinq
University of California
In Zolia, CA 92093

131 La. laLIEi SCUNEIDER
CIPT. Of ESYCOLOGT
UNIVEBSIlI OF ILLINOIS
CHARIALGN, IL 61820

132 Cr. Alan Schoenfeld
Lepactment of fathenatics
Basilton Co.Ljeqe
Clinton# BY 13323

133 Cr. Bobect J. Seidel
Lnstructicnal Technoloqy Group

-30 No Vshinqton Street
Alexaudcia, VA 2231.4

134 Lr. 3obert Smith
epartsent of Computer Science

Iutqecs University
hew Brunsickv NJ C8903

135 Cr. Richard Snov
Sckcol of Education
Stanford University
Stanford. CA 94305
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136 Cc. Robert Sternberq
Dept. of ksycholoqy
Yale University
bcx 11, Valu Station
Ne% Haven, Cr 06520

137 L6. ALBLBZ SrEVENS
ECir JEaahEK 6 i.ii3AN, LiC.
-C aCULrCi STREET
4:AMERICG-.. A 02138

138 Ei. CDavid toue
ikL 236
SUN'. &Jltany
Alt.n0Y, 31 12222

139 rb. PATIiCK SUPPIS
ihSILLIE FC3 BATHEIAIILAL

S2JZI.i [N THu SCCIAL SCL"-NCf3
S'IANEL tC JNIVERSITY
STAMPOio. CA 4335

140 Er. Couqias Towne
Univ. of 3o. California
Behavioram rachnoloqy Labs
1EO4 S. 11ena Ave.
Beacudo Beaca, CA 90277

141 Cr. J. Uhanar
vecceptzonica, Inc.
6271 Variel Avenue
woodland Bills, CA 91364

142 Uc. Eeatcn J. Underwood
Dept. of Esycholoqy
torthbestgrn University
Evanston, IL 60231

143 Lr. David J. Weiss
m66C Elliott Hall
University of Minnesota
75 1. River Road
tinneapolis, MN 55455

1414 Lr. Christopher Wickens
epictaent of Psycholoqy
Universitv of Illinois
Chaupaiqn. IL 61820
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145 Dr. Z. Ax-thur Noodvard
Lepartaent of Psycholoqy
UnIversitv of California
Los Auqe~es, CA 90C24
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145 ADDRESSES
170 TOTAL COILES




